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(57) ABSTRACT

A cage assembly is provided to protect a battery pack in a
vehicle. The cage assembly includes a top sub-assembly and
a bottom sub-assembly that are secured together to protect the
battery pack. U-shaped frames and base frames are connected
together by tubular members.

10 Claims, 3 Drawing Sheets
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1
PROTECTIVE VEHICLE BATTERY CAGE
AND METHOD OF MAKING A BATTERY
CAGE

TECHNICAL FIELD

This disclosure relates to a cage for attaching a battery pack
to a vehicle that protects the battery pack in the event of a
collision and also facilitates servicing the battery pack.

BACKGROUND

Battery cells for Battery Electric Vehicles (BEV), Hybrid
Electric Vehicles (HEV) and Partial Hybrid Electric Vehicles
(PHEV) are packaged in locations that are spaced away from
crash zones to minimized any risk of damage during a colli-
sion event.

The tunnel that runs longitudinally along the middle of the
floor may be a suitable package space for the battery because
it is spaced away from the extremities of the vehicle. Under
floor packaging of a typical battery pack may include cells
arranged longitudinally and transversely in the vehicle. The
entire battery pack may be housed within the tunnels laid out
longitudinally and transversely in the floor of the vehicle. The
area under the tunnels is arelatively a safe zone for the battery
cells and performs well in full frontal and rear barrier crash
tests.

However, in side crashes Moving Deformable Barrier
(MDB) and Side Pole crash tests the vehicle has a tendency to
bend and wrap around the impacting barrier or pole causing
the tunnel to collapse laterally. The floor wraps around the
pole and forces the tunnel to collapse on itself since the body
side and underbody do not provide sufficient resistance. As a
result ofthe tunnel collapsing, battery cells can suffer damage
in such a crash mode.

Strengthening the rocker, the cross members and under-
body do not provide effective and weight efficient protection
for the battery cells in the tunnel space. Up gauging of all
underbody structural components including the tunnel, cross-
members, and adding tunnel reinforcements and bulk heads
can mitigate tunnel collapse to some extent. However, result-
ing weight penalty generally out-weighs the benefits and does
not provide an acceptable solution.

This disclosure is directed to solving the above problems
and other problems relating to securing a battery pack in a
BEV, HEV or PHEV type of vehicle.

SUMMARY

According to one aspect of this disclosure, a cage is pro-
vided for a battery pack. The cage comprises a top sub-
assembly that includes a first plurality of tubes that are spaced
apart and a plurality of spaced inverted U-shaped frames that
have a frame height corresponding to the height of one or
more batteries. The cage also comprises a lower sub-assem-
bly including a second plurality of tubes that are spaced apart
and a plurality of spaced frames having a height that is less
than the frame height, and is assembled to the top sub-assem-
bly.

According to other aspects of this disclosure relating to the
cage for a battery pack, the inverted U-shaped frames may
define a plurality of openings that each receive one of the first
plurality of tubes. The spaced frames of the lower sub-assem-
bly each may define a plurality of openings that each receive
one of the second plurality of tubes. The spaced inverted
U-shaped frames may have upper feet that extend outwardly
from the lower ends of the U-shaped frames and the spaced
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frames of the lower sub-assembly may each have lower feet
that extend outwardly from the spaced frames at locations
corresponding to the upper feet to facilitate assembling the
upper feet to the lower feet with fasteners. The lower sub-
assembly may further comprise a pan that is framed by a
portion of the tubes and the spaced frames of the lower sub-
assembly.

According to additional aspects of this disclosure, the first
plurality of tubes may include a first set of longitudinally
extending tubes and a first set of transversely extending tubes.
The second plurality of tubes may include a first set of lon-
gitudinally extending tubes and a second set of transversely
extending tubes. The first set of longitudinally extending
tubes and the second set of longitudinally extending tubes
may be assembled to a longitudinally extending tunnel in a
floor pan of a vehicle and the first set of transversely extend-
ing tubes and the second set of transversely extending tubes
may be assembled to a transversely extending tunnel formed
in the floor pan of the vehicle.

The cage for a battery pack of a vehicle is provided in
combination with the battery pack and further comprises a
plurality of battery cells. The top sub-assembly and lower
sub-assembly are assembled together on opposite sides of the
battery cells. The combination may further comprise a
damper that comprises a foam pad disposed between the
battery cells and the top sub-assembly and/or lower sub-
assembly.

According to other aspects of this disclosure as it relates to
a method of making a cage for a battery pack of a vehicle, the
method may comprise assembling a first plurality of spaced
tubes that and a plurality of spaced inverted U-shaped frames
to from a first sub-assembly, and assembling a second plural-
ity of spaced tubes and a plurality of spaced frames to form a
second sub-assembly. The first sub-assembly and the second
sub-assembly are assembled together to enclose the battery
pack.

According to other aspects of the method, the first plurality
of spaced tubes may be welded to the plurality of spaced
inverted U-shaped frames and the second plurality of spaced
tubes may be welded to the plurality of spaced frames. The
first and second plurality of spaced tubes may be extruded.
The U-shaped frames and spaced frames may be extruded.
Alternatively, the U-shaped frames and the spaced frames
may be formed by casting. The method of making a cage for
a battery pack claim may further comprise bolting the first
sub-assembly to the second sub-assembly.

The method of making a cage for a battery pack may
further comprise inserting a damper between the battery pack
and the second sub-assembly

The above aspects of the disclosure and other aspects will
be more fully described below in the detailed description of
the illustrated embodiments and in view of the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a fragmentary perspective view of a battery cage
enclosing a plurality of battery cells in a vehicle that is shown
in phantom.

FIG. 2 is a perspective view of a cage and a battery pack.

FIG. 3 is a perspective view of a top sub-assembly of the
cage for a battery pack.

FIG. 4 is a perspective view of a lower sub-assembly of a
cage for a battery pack.

FIG. 5 is a perspective view of the assembled cage for a
battery pack.
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FIG. 6 is a diagrammatic cross-sectional view of a battery
pack disposed on a isolator.

DETAILED DESCRIPTION

A detailed description of the illustrated embodiments of
the present invention is provided below. The disclosed
embodiments are examples of the invention that may be
embodied in various and alternative forms. The figures are not
necessarily to scale. Some features may be exaggerated or
minimized to show details of particular components. The
specific structural and functional details disclosed in this
application are not to be interpreted as limiting, but merely as
arepresentative basis for teaching one skilled in the art how to
practice the invention.

Referring to FIG. 1, a vehicle 10 is shown with a battery
pack 12. The battery pack 12 is partially enclosed by a cage
assembly 16. The cage assembly 16 is provided to protect the
battery pack 12 in the event that the vehicle 10 is involved in
a collision. The cage assembly 16 prevents impact loads from
being transferred directly to the battery pack 12. The cage
assembly 16 protects the battery pack 12 from deformation
due to crash loading.

Referring to FIG. 2, the battery pack 12 is shown in greater
detail as it is disposed within the cage assembly 16. The
battery pack 12 is made up of a plurality of individual battery
cells 18. The battery cells 18 may be arranged in a longitudi-
nal stack 20 that extends in a longitudinal vehicle direction.
The longitudinal stack 20, as shown, includes a portion that
has a double stack 22 of battery cells 18 and a single stack 24
of'batteries 18. A transverse stack 26 of battery cells 18 is also
shown in FIG. 2 that extends in the transverse vehicle direc-
tion. The transverse stack 26 intersects the longitudinal stack
20. It should be understood that the battery pack 12 and cage
assembly 16 may be arranged with a different number of
battery cells 18 or in a different arrangement depending upon
the packaging space available within a given vehicle design.

Referring to FIG. 3, a top sub-assembly 30 of the cage
assembly 16 is illustrated. The top sub-assembly 30 includes
a plurality of U-shaped frames 32 in the single stack 24 area
of the cage assembly 16. A plurality of double stacked
U-shaped frames 34 are also provided as part of the longitu-
dinal stack 20 that includes the double stack 22 of battery cells
18. The U-shaped frames 32, 34 each include a pair of upper
feet 36 on the lower ends of the U-shaped frames. The cage
assembly 16 may be formed using U-shaped frames 32, 34
that are formed as aluminum extrusion or magnesium cast-
ings. Alternatively, carbon fiber reinforced plastics may be
used to further reduce the weight of the U-shaped frames 32
and 34.

Holes 38 are provided in the upper feet 36 to receive fas-
teners (not shown). Tubes 40 are inserted into top holes 42
that are provided in the U-shaped frames 32 and the double
stacked U-shaped frames 34. Intermediate holes 44 are pro-
vided at an intermediate location on the double stacked
U-shaped frames 34.

Referring to FIG. 4, abottom sub-assembly 46 is illustrated
that includes a plurality of base frames 48 that are intercon-
nected by tubular segments 50. The tubes 40, 50 may be
formed as extruded tubes or as seamless aluminum tubing.
The tubular segments 50 may stem between two base frames
48 or through six or more base frames 48, as shown in FIG. 4.
Holes 52 that receive the tubular segments 50 are provided in
each of the base frames 48. The tubes 40, 50 are preferably
welded into the holes 38, 52 by MIG welding or other joining
techniques. A pair of lower feet 54 are provided on each of the
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base frames 48. A hole 56 for a fastener (not shown) is
provided in each of the lower feet 54.

Referring to FIG. 5, the cage assembly 16 is shown with the
top sub-assembly 10 shown in FIG. 3 being assembled to the
bottom of the sub-assembly 46 shown in FIG. 4. The upper
feet 36 are attached to the lower feet 54 by fasteners that are
inserted through the hole 38 in the upper feet 36 and the holes
56 provided in the lower feet 54. The lower sub-assembly 46
can be constructed with a framed pan that holds the battery
pack and allow the entire battery pack to be removed for
servicing.

Referring to FIG. 6, a damper 60 is shown diagrammati-
cally, the battery pack 12 is supported on the damper 60. The
damper 60 includes a foam layer 62 that is flanked on upper
and lower sides by rigid layer 64. The damper 60 may be
supported on a bottom pan 66 that is disposed between the
damper 60 and the base frames 48. The U-shaped frame 32 is
shown assembled to the base frame 48 to enclose the battery
pack 12. The damper 60 prevents impact loads from being
transferred directly to the battery pack. The cage assembly 16
prevents adverse deformation of the battery pack due to crash
loading. The battery pack 12 can be isolated by the damper 60
to mitigate the effects of any harmful sudden acceleration or
deceleration of the battery pack when the vehicle is impacted.

A bottom sub-assembly 46 may be removed from the top
sub-assembly 30 in the event that it is necessary to service the
battery cells 48. The top sub-assembly 30 may be secured to
the vehicle 10 on the bottom sub-assembly 46 is secured
under the top sub-assembly 30. The fasteners securing the
bottom sub-assembly 46 to the top sub-assembly 30 may be
removed and the bottom sub-assembly 46 may be removed to
either provide access to the battery cells 18 or to allow the
battery pack 12 to be removed from the vehicle 10 while
either leaving the top sub-assembly 30 attached to the vehicle
10 or the top sub-assembly may be removed with the bottom
sub-assembly 46 with the battery pack 12

The cage assembly 16 is a lightweight space frame struc-
ture that is intended to protect a battery electric vehicle,
hybrid electric vehicle, or partial hybrid electric vehicle bat-
tery cells in vehicle crashes.

While exemplary embodiments are described above, it is
not intended that these embodiments describe all possible
forms of the disclosed apparatus and method. Rather, the
words used in the specification are words of description rather
than limitation, and it is understood that various changes may
be made without departing from the spirit and scope of the
disclosure as claimed. The features of various implementing
embodiments may be combined to form further embodiments
of the disclosed concepts.

What is claimed is:

1. A cage for battery cells comprising:

a top sub-assembly including first longitudinal and trans-
verse spaced apart tubes directly connected to one
another and spaced inverted U-shaped frames having a
frame height corresponding to an electrified vehicle bat-
tery height; and

a lower sub-assembly including spaced frames connected
to the U-shaped frames having a height less than the
frame height and second longitudinal and transverse
spaced apart tubes directly connected to one another.

2. The cage for the battery cells of claim 1 wherein the

spaced inverted U-shaped frames define a plurality of open-
ings that each receive one of the first longitudinal and trans-
verse spaced tubes.

3. The cage for the battery cells of claim 1 wherein the

spaced frames of the lower sub-assembly each define a plu-
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rality of openings that each receive one of the second longi-
tudinal and transverse spaced apart tubes.

4. The cage for the battery cells of claim 1 wherein the
spaced inverted U-shaped frames have a pair of upper feet that
extend outwardly from a pair of lower ends of the spaced 5
inverted U-shaped frames, and wherein the spaced frames of
the lower sub-assembly each have lower feet that extend
outwardly from the spaced frames at locations corresponding
to the upper feet, and wherein the upper feet are assembled to
the lower feet with fasteners. 10

5. The cage for the battery cells of claim 1 wherein the
lower sub-assembly further comprises a pan that is framed by
a portion of the second longitudinal and transverse spaced
apart tubes.

6. The cage for the battery cells of claim 1 wherein the 15
spaced inverted U-shaped frames of the top sub-assembly and
the spaced frames of the lower sub-assembly are castings.

7. The cage for the battery cells of claim 1 wherein the
spaced inverted U-shaped frames of the top sub-assembly and
the spaced frames of the lower sub-assembly are extruded 20
parts.

8. The cage for the battery cells of claim 1, wherein the top
sub-assembly and lower sub-assembly are assembled
together on opposite sides of the battery cells.

9. The cage for the battery cells of claim 8 further compris- 25
ing a damper disposed between the battery cells and the lower
sub-assembly, wherein the damper includes a resilient foam
pad.

10. The cage for the battery cells of claim 1, wherein the
first longitudinal and transverse spaced apart tubes are 30
arranged with one another to receive, without contacting,
endplates and the battery cells.
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